Introduction
The 'first' convergence of computer and communication technologies in the latter half of the last century resulted in networks in general and the Internet in particular. The result of the first convergence, i.e. network technologies, is now converging with biomedical and genetic technologies to give rise to the second convergence. Consequently, an unprecedented increase in the quantity of information is being produced from genetic laboratories all over the world. This exponential increase in the quantity of information seems to be a phenomenon similar to that of the 'information explosion' after World War II, referred to by Bowles (1999, p. 156) . The phenomenal quantity of information (or merely of data?) currently being produced as a result of the second convergence can therefore be called the 'second information explosion'.
In the light of this second information explosion and the coming of age of the information society in many parts of the world, the emergence in the last three decades of bioinformatics and its extensive literature warrants a closer look -despite the fact that bioinformatics has not been listed in the latest edition of one of the most updated and popular general schemes of classification used by library and information professionals worldwide, i.e. the 22nd edition of the Dewey Decimal Classification, 2003.
A Problem of Definition
The question that comes to the mind every time the term 'bioinformatics' is uttered is, 'what indeed is bioinformatics?' It is more than two decades now that this term has been used but a consensus definition still eludes, even when a large quantity of literature spanning many disciplines is being produced in both printed and digital form (Jeevan, 2002) . The rise of undergraduate and advanced degree and training programmes in bioinformatics all over the world has been phenomenal (Altschul, 2005) and the situation of more supply than demand of trained manpower in this field in the United Kingdom has been examined by Den Besten (2003) .
In this burgeoning field, it is becoming increasingly difficult to establish what are or will be the essentials [of bioinformatics] . The readers of this volume will have a role in defining bioinformatics' future. (Altschul, 2005) It is not that there have not been attempts to define the emerging subject. The origin of many subjects at the end of the last century and in the 21st century is cross-disciplinary in nature, and bioinformatics does not seem to be an exception to this phenomenon. The cross-disciplinary nature of bioinformatics is evident in the words of Critchlow et al. (2000) :
Depending on who you ask, bioinformatics can refer to almost any collaborative effort between biologists or geneticists and computer scientists -from database development, to simulating the chemical reaction between proteins, to automatically identifying tumors in MRI images. Attwood and Parry-Smith (2001, pp. 2-3) trace the context of evolution of the term as follows:
During the last decade, molecular biology has witnessed an information revolution as a result of both of the development of rapid DNA sequencing techniques and of the corresponding progress in computer-based technologies, which are allowing us to cope with this information deluge in increasingly efficient ways. The broad term that was coined in the mid-1980s to encompass computer applications in biological sciences is bioinformatics.
The emergence of bioinformatics as a crossdisciplinary subject has been well recognized. Biologists and geneticists were the first ones who started on the path that we today call bioinformatics. People from many other subjects, such as computer scientists, mathematicians and statisticians joined the bandwagon. Librarians and information professionals are now joining them. The initial intended meaning of the term bioinformatics was the application of computers and associated machines for handling, storing and manipulating biological data. As Attwood and Parry-Smith (2001, p. 3) further point out, the term bioinformatics has been commandeered by several different disciplines to mean rather different things. . . . In the context of genome initiatives, the term was originally applied to the computational manipulation and analysis of biological sequence data (DNA and/or protein).
Various definitions of bioinformatics and its component 'informatics' are available. A few definitions and descriptions of informatics and bioinformatics set the context for establishing the need for a cross-disciplinary definition.
Informatics has been defined in the research goals of the US Human Genome Project (HGP) as the creation, development, and operation of databases and other computing tools to collect, organize, and interpret data. (Collins and Galas, 1993) In Harrod's glossary, informatics is defined in three senses, as reproduced below:
Informatics. 1. The processes, methods, and laws relating to the recording, analyticalsynthetic processing, storage, retrieval and dissemination of scholarly information, but not the scholarly information as such which is the attribute of the respective science or discipline. 2. The study of the structure of knowledge and of its embodiment in information-handling systems. 3. The study of the handling and communication of information, particularly by automated and electronic means. (Harrod, 1990, p. 307) The earliest definition of informatics by Mikhailov (1966) , quoted in the second edition of the Oxford English Dictionary (OED), is reproduced below:
Informatics is the discipline of science which investigates the structure and properties (not specific content) of scientific information, as well as the regularities of scientific information activity, its theory, history, methodology and organization. (Oxford English Dictionary, 1989, Vol. 7, p. 944) The HGP definition of informatics seems to be very narrow, as it is focused only on databases, while all the senses in Harrod's glossary are much broader and put the term in context. Mikhailov's definition is the earliest of those quoted above, yet is broader than all the others.
Bioinformatics -an Umbrella Term?
Going through various definitions of this term, it appears that "the term 'Bioinformatics' is not really well-defined" (Weizmann Institute of Science, 200?) and many definitions are simply descriptions of activities carried out under this name. Some of the following identify subject areas where the term can be used, while others specify activities. It is used synonymously and interchangeably with computational biology, genetics, genomics, and molecular biology.
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information, whether it may be about genes and their products, whole organisms or even ecological systems. Most of the bioinformatics work that is being done can be described as analyzing biological data, although a growing number of projects deal with the organization of biological information. (Weizmann Institute of Science, 200?) In its broadest sense, the term can be considered to mean information technology applied to the management and analysis of biological data; this has implications in diverse areas ranging from artificial intelligence and robotics to genome analysis. . . . However, in view of the recent rapid accumulation of available protein structures, the term now tends to be used to embrace the manipulation and analysis of three-dimensional (3D) structural data. (Attwood and Parry-Smith, 2001, p. 3) According to Alpi (2003) , bioinformatics is the science of managing and analysing biological data using advanced computing techniques. Other definitions include:
conceptualizing biology in terms of macromolecules (in the sense of physical-chemistry) and then applying 'informatics' techniques (derived from disciplines such as applied maths, computer science, and statistics) to understand and organize the information associated with these molecules. (Luscombe et al., 2003) Bioinformatics can be loosely defined as the application of computer technology to collect, analyse, organize and merge biological and genetic information which can be used for gene-based drug discovery and development. (Jeevan, 2002, p. 271) The study of the information content and information flow in biological systems and processes. (Liebman, 1995) Bioinformatics is the field of science in which biology, computer science, and information technology merge to form a single discipline. (Bioinformatics Factsheet, 2001) the methods that are used to collect store, retrieve, analyse, and correlate this mountain of complex information are grouped into a discipline called bioinformatics. . . [It] encompasses the use of tools and techniques from three separate disciplines; molecular biology (the source of the data to be analyzed), computer science (supplies the hardware for running analysis and networks to communicate the results), and the data analysis algorithms which strictly define bioinformatics. (Richon, 2001) These definitions are no older than a decade at most, and the field of bioinformatics has changed profoundly in these years. Altschul (2005) commented on the growth and development of bioinformatics in the Foreword to the collected papers of the National Conference on Bioinformatics Computing, held in March 2005 at Patiala, India. But it can safely be said, from the above definitions (strict, loose, functional, etc.) and descriptions, that bioinformatics is concerned primarily with all aspects of the lifecycle of genetic and related data and information after its generation, such as its retrieval, dissemination, interpretation, and interrelation with other information (largely biological), in "converting it into knowledge." (Liebman, 1995) .
A diverse pattern emerges out of the above definitions that shows the variety of activities covered under this term. Therefore, it is like an umbrella term, with every activity dealing with genetic and associated information for various purposes being covered under the bioinformatics umbrella. People from many disciplines are now coming together under this umbrella. The need of the hour is to evolve a cross-disciplinary definition that incorporates the concerns of all disciplines that have been contributing to this emerging subject. Library and information professionals should bear this responsibility, as the realization of the importance of applying principles of knowledge organization and information retrieval (e.g. classification, metadata, vocabulary control, etc.) in the effective handling of the huge amounts of biological information generated in the laboratory -and by extension in the 'information society' -or, as in some definitions, the informatics aspect of bioinformatics, has become more important in the evolution of bioinformatics than finding genetic and associated data in the laboratory.
Governments in both developed and less developed countries have recognized the potential of bioinformatics. In less developed countries like India, the importance of coordination among experts in the various disciplines associated with bioinformatics has also been recognized. For instance, in the sectoral road-map of 'Bio-informatics and IT-enabled Biotechnology' in the draft National Biotechnology Development Strategy (NBDS) of India, the following words highlight the dire need for interdisciplinary cooperation, though only two subject areas and their experts are named:
One of the major challenges in optimum exploitation of bioinformatics for solving life science issues is the formulation of appropriate computational biology problems that can be addressed through IT tools. The following excerpts from the Bioinformatics Policy of India (India, Department of Biotechnology, 2004) indicate that the Government of India, though not very clear on what constitutes bioinformatics activities, has aimed its bioinformatics programme at greater information access in the post-genomic era:
Bioinformatics has become a frontline applied science and is of vital importance to the study of new biology, which is widely recognised as the defining scientific endeavour of the twenty-first century. The genomic revolution has underscored the central role of bioinformatics in understanding the very basics of life processes. (p. 3)
The principal aim of the bioinformatics programme was to ensure that India emerged a key international player in the field of bioinformatics; enabling a greater access to information wealth created during the postgenomic era and catalysing the country's attainment of lead position in medical, agricultural, animal and environmental biotechnology. (p. 4)
The Bioinformatics Policy has also identified the following areas of work and work groups: 
Organization of Data and Databases
Much genetic and related data and information is either born digital or is soon converted into digital form. Databases are created from primary data from genetic research, and with the increase in data and databases a system of organizing such databases into categories has arisen. According to Zdobnov et al. (2001) , molecular biology databases are categorized as: bibliographic; taxonomic; nucleic acid; genomic; protein and specialized protein databases; protein families, domains, and functional sites; proteomics initiatives; and enzyme/metabolic pathways. Berendsen (2002) classifies databases as (a) archival and derived, and (b) structural, and protein and nucleic acid sequence databases.
In whatever way these databases may be categorized, search tools are needed to retrieve the information they contain. Search tools such as the Entrez and Sequence Retrieval System (SRS) developed by leading database developers like the National Center for Biotechnology Information (NCBI) in the United States and EMBnet in Europe, are good efforts, but the data being generated at present is too much and will experience a manifold increase in the coming years. Databases in bioinformatics have been related to digital libraries; in the words of Jan Aalbersberg (1998), molecular biology databases -mostly consisting of gene and protein sequences -are examples of digital libraries that have increasingly complex applications associated with them. The development and use of these applications (i.e., the techniques, algorithms, and tools to analyse, compare, and classify the data in those biological databases) takes place in the field of bioinformatics.
The importance of principles of knowledge organization and information retrieval for effective handling of biological information and the processes related to it in bioinformatics have been clearly emphasized by Mount (2001, p. 46) as follows:
Biological databases are beginning to use "controlled vocabularies" for entering data so that these defined terms can confidently be used for database subsequent searches. . . .
Further, he says,
A genome database may also be interfaced with other types of data. This type of organization, termed data warehousing, can facilitate the search for novel relationships among the data by data mining methods . . . The ultimate step in genome analysis is to collect the information found on gene and protein sequences, alignments, gene function and location, protein families and domains, relationships of genes to those in other organisms, chromosomal rearrangements, and so on into a comprehensive database. This database should be logically organized so that all types of information are readily accessible and easily retrievable by users who have widely divergent knowledge of the organism. This goal is best achieved by using controlled vocabularies . . . without ambiguity. (p. 525)
The above paragraphs give a clear indication that 'information' from these databases is increasingly required for correlation with already available information for solving problems in biology, agriculture (Keshav Mohan, 2002) , genetics, medicine (Jeevan, 2002) and other subjects. This is also evident in the following:
Ultimately, however, all of this information must be combined to form a comprehensive picture of normal cellular activities so that researchers may study how these activities are altered in different disease states. Therefore, the field of bioinformatics has evolved such that most pressing task now involves the analysis and interpretation of various types of data, including nucleotide and amino acid sequences, protein domains, and protein structures. (Bioinformatics Factsheet, 2001) 
Global Action in a Global Electronic Village
Though databases and tools have been developed largely in the developed world, researches and material for research also continue in the less developed world. In a global electronic village, action at the international level is needed to address definitional, data warehousing, social and ethical issues in bioinformatics across disciplinary and political boundaries. The Inter-Union Bioinformatics Group (IUBG), established by the International Council of Scientific Unions in 1998, was a good effort, although no international body of library and information professionals was represented in it.
The IUBG report ((Berendsen, 2002) identified "four different aspects associated with primary data for which standardization should be considered: content, nomenclature, data format, and data exchange protocol". From this report is becomes clear again that the role of information content and its organization is the cutting edge in bioinformatics.
In a US Department of Energy (DOE) report on its Human Genome Project (1997) under the heading 'modularity and standards' of databases, the following functions have been identified: authoring, publishing and archiving, cataloging (metadata), and data access and manipulation. Under these last two headings the following are mentioned:
Cataloging (metadata): This is the 'librarian' function. The primary function of a library is not to store information but rather to enable the user to determine what data is available and where to find it. The librarian's primary function is to generate and provide "metadata" about what data sets exist and how they are accessed (the electronic analog of the card catalogue).
Other critical functions include querying, cross-referencing, and indexing.
Data access and manipulation: This is the "user interface". Because the data volumes are typically large, computerized methods for data access and manipulation must be provided, including graphical user interfaces (GUIs). (Human Genome Project, 1997) In limiting the library and information profession only to the metadata function, in a restricted sense of the term (the Human Genome Project report says metadata does not include querying, cross-referencing and indexing) and excluding it from the other important functions of organizing, publishing and archiving, the report further damages the library and information profession by questioning the capabilities of its professionals as follows:
Currently, neither standards nor modularity are very much in evidence in the Project. The DOE could contribute significantly by encouraging standards. Database groups should be encouraged to concentrate on the "librarian" functions, and leave the publishing and archival functions to other groups . . . 
Averting an Information War
From the excerpts from the HGP report in the previous section, two points are clearly established. First, it has excluded the library and information science community from functions other than those it has termed 'librarian' functions. Secondly, it has underestimated the capability of the library and information profession and its professionals in the mammoth task of organizing, analyzing, and interpreting genetic (and associated proteomic, structural) data into meaningful information and to relate such information to diverse bio-based disciplines.
A contradiction of sorts regarding the relationship between bioinformatics and the library and information community in the United States appears between the HGP report, on the one hand, and the establishment of the NCBI under the National Library of Medicine, on the other. The need for pinpointing 'what constitutes bioinformatics', noted by Stephen Altschul, of NCBI, has been reported earlier in this paper. Bowles (1999, p. 169) , commenting on the wars between scientists and librarians in organizing the information produced during the first information explosion in the latter half of the 20th century, remarked that the mistakes made in the past were most notably the absence of the librarian's voice in issues relating to automation and information. We cannot afford that voice to be silenced again, nor can we allow the information wars to claim another victim. The librarian must remain our primary gatekeeper of knowledge.
But have we, the academics, become any wiser? Are we not heading towards another information war, over genetic information? Library and information professionals and their professional bodies at national and international levels need to adopt a proactive role if we are to avert another information war in the near future.
A close look at the standardization issues mentioned in the IUBG report and the standardization functions of databases mentioned in the HGP report reveal that library and information professionals have traditionally been associated with many of the issues raised in both reports. It becomes clear, therefore, that the application of the principles of library and information service is now required to manage this mountain of data, to generate information from this data and to create new knowledge from it. In contrast to other players and stakeholders working in bioinformatics, the gravity of the situation has not been realized fully by the library and information community. The comments of Alpi (2003) that unfortunately, the level of bioinformatics exposure in most LIS graduate programs is limited speaks volumes about the proactive role of LIS profession towards the emerging transdisciplinary subject of bioinformatics.
The voice of the library and information community is also required in relation to data access and social and ethical issues associated with bioinformatics. The IUBG also highlighted its concern about these issues as follows:
Statement 3 on right to fair use of data: Scientific advancements rely on full and open access to data. Primary data that are accessible through the archival databases should not be subjected to any restrictions that would limit fair use of those data. Fair use includes the use for teaching and research purposes. (Berendsen, 2002) 
Concluding Remarks
With the convergence of genetics and computers, the increase in the quantity of information being produced from genetic laboratories constitutes a 'second information explosion'. As a result of this convergence, bioinformatics has emerged as a transdisciplinary subject with literature on it being produced in many established disciplines. As a consensus cross-disciplinary definition of the subject still eludes, it has provided an opportunity to library and professionals to broaden their professional horizons in the information society by serving as primary gatekeepers of knowledge and information in diverse bio-based subjects, as well as generators of new knowledge from the mountains of biological data and information in collaboration with experts from other subjects and at community and institutional levels. This opportunity arises for two reasons: first, because of the growing recognition of the importance of information in 21 st century society, that is increasingly being termed as an 'information society', and secondly, because librarianship and information work, among various 'information' professions, is the one that has traditionally focused on information per se, rather than on the technology used for its management or on other related aspects. The theory and the techniques that the library and information profession have developed need to be applied in the diverse biobased disciplines that are coming under the bioinformatics umbrella and even further in the field of 'biomedical informatics' (MartinSanchez et al., 2004 ; Columbia University Department of Biomedical Informatics, 200?).
In the words of Liebman (1995) , bioinformatics is evolving to serve as a bridge between the observations in diverse bio-based disciplines, and the derivation of understanding or knowledge about how the system or process functions, or in the case of disease, dysfunctions.
The voice of the library and information community in evolving and shaping bioinformatics has not been adequate. The formation by the American Society for Information Science and Technology of a virtual Special Interest Group (SIG) on Bioinformatics to provide a forum for interaction between specialists in bioinformatics (e.g. scientists in computational molecular biology), information technology and information science, is a laudable effort (Paris, 2001) . The Society has also published a special issue of its Journal on bioinformatics, with Bradley M. Hemminger and David Fenstermacher as guest editors (Volume 56, number 5, 2005) . Nevertheless, the fact that the library and information community is not represented on interdisciplinary bodies like the IUBG is a matter of concern. The 'information wars' of the latter half of the 20th century should not be repeated between librarians and other players in the field of bioinformatics. In the evolving information society, the library and information community should work together with other subject experts to evolve a consensus definition of the subject and give it shape in such a way that it gains importance in all fields of life sciences.
